This paper re-examines the roles of changes in income and inequality in poverty reduction. The study provides estimates of the relative effects of inequality reduction versus growth promotion in reducing poverty for countries with different levels of initial poverty. The analysis uses country panel-data for 1980-2010. The results indicate that, as countries become less poor, inequality-reducing policies are likely to become relatively more effective for poverty reduction than growthpromoting policies. The results indicate that the growth This paper is a product of the Poverty Reduction and Equity Unit, Poverty Reduction and Economic Management Network. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http:// econ.worldbank.org. The authors may be contacted at polinto@worldbank.org. elasticity of poverty reduction either increases or remains constant with the level of initial poverty. Nevertheless, the results also strongly indicate that, as poverty declines, the inequality elasticity of poverty reduction increases faster. Therefore, if the marginal cost of reducing inequality relative to the marginal cost of increasing growth does not increase with lower poverty levels, to accelerate poverty reduction, greater emphasis should be given to equity rather than growth as countries attain higher levels of development.
Introduction
The world has become considerably less poor in the past three decades. In 1981, more than half of citizens in the developing world lived on less than $1.25 a day. This rate dropped dramatically to 22 percent in 2010. Moreover, despite a 35 percent increase in global population, there are slightly fewer people living on less than $1.25 a day today (1.3 billion) than there were three decades ago (1.8 billion) . Progress is undeniable and most likely the downward trend of poverty has continued after 2010. But 2.5 billion people living in poverty (measured at US$ 2 dollars a day) and 1.3 in abject poverty are still extremely high figures.
It is widely accepted that economic growth has been the main driver of poverty reduction in the past three decades. For example, Kraay (2006) estimates that growth in average incomes accounts for between 70 and 95 percent of the observed poverty reduction. Other estimates find that two-thirds of the drop in poverty is the result of growth, with the other third coming from greater equality. 1 The role of growth is also made evident as countries that experienced rising inequality in the last two decades account for approximately 80% of the decline in world poverty. 2 However, despite the past performance of growth in reducing poverty, can we continue to rely mostly on growth to achieve significant poverty reduction in the future? Or, as countries become less poor, should we increasingly shift the focus to inequality-reducing policies to further accelerate poverty reduction?
To answer these questions, we need to know what happens to the inequality elasticity of poverty reduction (IEPR) relative to the growth elasticity of poverty reduction (GEPR) as countries become less poor. If relative to IEPR, GEPR increases with the level of development, strategies relying almost exclusively on economic growth are probably justified. But if the IEPR to GEPR ratio increases with lower levels of poverty, faster poverty reduction will likely be obtained with a greater emphasis on policies that reduce inequality.
Several studies have aimed at estimating GEPR solely or jointly with IEPR. For instance, Ravallion and Chen (1997) place the GEPR at around 3, while World Bank (2000) provides 1 The Economist "Not Always with us" June 1 st , 2013 2 Excluding China from the group of countries with increased inequality, the share is estimated at 52%. This calculation is obtained from a sample of 75 countries with head count rate (based on $1.25 a day poverty line) and Gini data available for at least one year in 1985-1995 and one year in 2003-2010. 2 estimates closer to 2. Others have recognized the importance of initial conditions on this elasticity. Ravallion (2004) highlights the negative relationship between initial inequality and the (absolute) value of the GEPR, whereas shows that the GEPR is an increasing function of a country's level of development.
After not being able to reject the hypothesis that incomes are distributed log-normally in most countries, Lopez and Serven (2004) rely on this assumption to show that the theoretical values of IEPR are positive and increasing with the level of development and decreasing with the initial level of income inequality. They also show that GEPR increases with decreasing levels of poverty. Fosu (2011) provides empirical estimates for both the GEPR and the IEPR and finds evidence in line with the theoretical predictions by income log-normality: the higher the level of development, the higher the estimated GEPR and IEPR; whereas the higher the level of inequality, the lower the IEPR. This paper aims to contribute to the literature on the potential relative roles of growth-enhancing and inequality-reducing policies for poverty reduction. We focus on providing estimates on the relative importance of inequality and growth in reducing poverty for countries that face different initial poverty rates. In addition to analyzing more recent data than the previous studies, we focus on estimating and testing what happens with the IEPR to GEPR ratio as poverty declines.
We employ an empirical strategy that does not rely on a priori assumptions about the parametric form of the income distribution. That is, our empirical strategy allows for the fact that the mean income and the Gini coefficient may not completely define the income distribution and the poverty rate in a country. While this would be the case if incomes were log-normally distributed, and there is a strand in the literature that shows the relative good fit of the assumption of lognormality (e.g., Serven, 2004 and , we see no reason to rely on this assumption. That is, we allow for situations in which poverty may not decline when growth occurs and the Gini coefficient remains constant. This would be the case if the Gini is not a good statistic to describe the shape of the distribution at the very end of the left tail. Thus, to take into account the potential effect of initial poverty levels on GEPR and IEPR, we explicitly model how initial values of poverty affect the estimated elasticities.
Overall, we find strong evidence supporting the view that, as poverty declines, inequality reduction should increasingly become the focus of policies aimed at accelerating poverty reduction. That is, our results strongly suggest that the IEPR to GEPR ratio increases when poverty rates fall. In our results, this pattern is mostly due to the positive and decreasing relationship between the IEPR and poverty rates found in the estimation of all different specifications tried. On the other hand, the relationship between GEPR and poverty does not show a clear pattern. While some specifications show the negative relationship between the (absolute) value of GEPR and poverty rates found in the literature, other specifications cannot reject the hypothesis of no relationship between GEPR and different initial poverty levels.
The rest of the paper is structured as follows. Section 2 presents a review of the literature.
Section 3 describes our empirical approach and section 4 the data used in the estimations.
Section 5 contains the results found and section 6 concludes.
Brief Review of the Literature
There are several studies that aim at estimating the relationship between income growth and poverty reduction, as well as the implications for the focus of policy design and implementation.
While the literature on this topic is plentiful, here we present a brief review of studies that are most relevant for our analysis. We refer the reader to Lopez and Serven (2004) for an overview of these and other related literature. emphasizes the relevance of the identity relating poverty, inequality and (mean) income growth. By assuming that the income distribution can be fairly described as a log normal, he derives formulae for the theoretical growth elasticity of poverty reduction as well as for the inequality elasticity of poverty reduction. Under this assumption, poverty measures can be described by using two parameters: the level of development 3 and a measure of dispersion such as the standard deviation of the income distribution or the Gini index. He shows that income, and inequality changes, as well as the initial levels of development and inequality have a statistical strong relationship with the evolution of poverty. However, the explanatory power of all these measures is lower than the theoretical income elasticity of poverty based on the log 3 Measured using the ratio of the poverty line ($1/day) and mean income. 4 normal assumption. He interprets this finding as evidence of the log normality being a good empirical approximation of the income distribution. Epaulard (2003) also calculates a "neutral elasticity of poverty rate" to test the validity of the log normality assumption. She fails to reject the hypothesis of log normality.
In turn, Lopez and Serven (2006) present an alternative test of the log normality of the income distribution. They calculate the theoretical income share quintiles based on the assumption of log normality and test whether they are good predictors for the empirical quintiles found in the data.
Using three different income measures they fail to reject the hypothesis that there is a one to one relationship between the theoretical and empirical quintiles. 4 Relying on the log normality assumption, the authors calculate theoretical values of income elasticity of poverty and inequality elasticity of poverty for a range of possible values of economic development (measured as mean income over the poverty line) and Gini indexes. They show that initial inequality hampers poverty reduction by decreasing both GEPR and IEPR. Initial poverty seems to be a factor in how growth is translated into poverty reduction. For a given poverty line, growth impacts poverty more in richer countries than in poorer ones. Finally, the relationship between inequality and IEPR is nonlinear. In general, inequality lessens the IEPR, but at very low levels of development this relationship is reversed. These findings imply, for example, that for poorer countries, the poverty-reducing effects of growth outweigh the poverty-raising effects of a worsening distribution of income.
Fosu (2011) uses a comprehensive data set of countries spanning 30 years to obtain empirical estimates of the GEPR and IEPR. Relying on the assumption of log normality shown in previous studies, the author estimates a fully specified equation to explain changes in poverty. His model includes income growth, inequality growth, as well as their interactions with the lagged Gini coefficient and development (the log of the ratio of the poverty line and mean income). The lagged variables are also included. The study also addresses the panel structure of the data and estimates the parameters in the econometric model via fixed effects, random effects, and, finally, General Method of Moments (GMM) to address the potential endogeneity of the income growth regressors. The author shows strong evidence that the responsiveness of poverty to income 4 The test is soundly rejected when consumption measures are used.
5 changes in larger in countries with higher incomes or lower initial inequality. The IEPR is shown to be positive and increasing with the level of development.
Notwithstanding these results, the assumption of log normality on income (and its implications)
may not be guaranteed. empirically rejects the hypothesized value of log normality for the IEPR, and Lopez and Serven (2006) also reject the hypothesized value for GEPR in specifications using only net income-based or only expenditures-based observations in their empirical estimations. 5 Moreover, the assumption of log normality implies other testable predictions on the relationship of other poverty measures and income and inequality growth.
Bourguignon (2003) To analyze the relative roles of inequality and income growth, we abstract from the assumption of log normality of income. While this assumption allows the definition of closed-form solutions for poverty measures of interest based only on two parameters, we choose to model the evolution of poverty rate as a function of the growth in income, inequality and lagged values of the poverty. We now turn to our empirical approach.
Empirical Model and Strategy
To motivate our empirical approach, we describe a government with the objective to reduce poverty and to do so it can choose between two types of policies: growth-promoting and inequality-reducing policies. The policy maker has a budget that can be spent to achieve the poverty-reducing goal and thus faces the following problem:
where H(.) is the head count poverty rate, y is growth in income per capita, G is inequality reduction, and the marginal costs of generating growth and reducing inequality are given by and respectively.
The solution to this problem is given by:
where the left hand side ratio is just the ratio of IEPR and GEPR. Thus, understanding the evolution of IEPR/GEPR as (initial) poverty levels change is therefore important to learn how p G G/p y y should change to maximize poverty reduction when poverty is falling.
Estimation Strategy
To estimate the growth and inequality elasticities of poverty reduction, we begin by specifying the headcount rate (H) as a function of the country's mean income (y), the inequality of the income distribution as expressed by the Gini index (G), and disturbance terms. As shown in , if incomes were distributed log-normally, headcount poverty would be a function solely of y and G. That is, = ( , ). However, because we do not assume lognormality, we allow for disturbance terms in (. ) to account for the fact that G may not describe the shape of the distribution completely, and that we use a linear approximation for (. ). That is, we specify the following log-linear model for headcount poverty for a given country i at year t:
In (4), 1 is the average GEPR and 2 is the average IEPR. The disturbance term captures the effects of all the time invariant characteristics of country i (e.g., geography, natural resources availability, history, etc.) on its deviations from the conditional mean
We also allow for the possibility that these country-specific effects impact poverty trends via • , and that there are other time variant and country specific disturbances around [ln(H )| ( ), ( )] captured by in (4).
As it is conventionally done in the literature, we take first differences to (4) and obtain:
If we were only interested in estimating average GEPR and IEPR, OLS estimation of the parameters in (5) would be consistent under the identification assumption that
But it is reasonable to expect that country unobserved characteristics (i.e. system of laws and other institutions, etc.) may affect its easiness to conduct business and promote growth; at the same time, such laws may provide a good environment for economic upward mobility and opportunities to escape poverty. In that case the assumption that
A weaker assumption is to let [∆ | ( ), ( )] = 0 while allowing [ | ( ), ( )]
to be non-zero. This takes into account the effects of time-invariant country characteristics as described above. Under this weaker identification assumption, fixed-effects estimation would be consistent.
However, as it has been recognized in previous studies, GEPR and IEPR may be functions of past levels of poverty Fosu 2011; Lopez and Serven, 2004) . For instance, under log-normally distributed incomes, GEPR and IEPR are by definition functions of a country's level of initial poverty.
6
To allow for these relationships between GEPR and IEPR and initial (or lagged) poverty we specify the following model for the disturbance term ∆ :
6 In this context, initial poverty is typically specified as a linear projection of the lagged Gini Index and the lag of the ratio of average income to the poverty line. Under log-normality these two statistics completely define lagged poverty.
8 Thus, we rewrite equation (5) as:
Given the parameters in (7), the growth elasticity of poverty reduction and the inequality elasticity of poverty reduction now depend on the past level of poverty and are given by:
While equation (8) is expected to be negative for all values of , −1 , the sign of (9) may vary with the initial level of poverty. To see this, consider a country in which 90 percent of its citizens are poor ( , −1 = .9) and the few non-poor are just above the poverty line. In this case, a decrease in inequality is likely to be obtained by redistributing income from (taxing) the few non-poor and throwing then into poverty, while not lifting anyone above the poverty line. In this case, IEPR would be negative.
The signs for 1 and 2 cannot be unambiguously determined, unless one is willing to assume a parametric form for the distribution of income. For instance, under the assumption that incomes are distributed log-normally, lower poverty levels imply a larger GEPR in absolute value.
Therefore, 1 > 0. For 2 , log-normality implies that its sign will change depending on whether poverty is above or below a threshold level.
But while the assumption of log-normal incomes is commonly not rejected by many empirical studies, observers might entertain the hypothesis that δ 1 is non-positive for low enough levels of poverty. For instance, growth may not have any impact on poverty in a country with low levels of poverty and in which the poor are concentrated in isolated pockets of the population such as hard-to-reach rural areas. 7 That is, changes in average incomes may not have an impact on poverty if most of the poor are concentrated in areas that are disconnected from markets and isolated form public services networks.
Likewise, in such situations of low poverty levels and where poverty is concentrated in a few pockets, it is reasonable to expect that targeted interventions that reduce the disparities between the poor and the rest of society would increasingly become more effective than overall growth in reducing poverty. Therefore, under such scenario we would expect that 2 > 0 and that the ratio IEPR/(-GEPR) would increase, indicating the increasingly greater impact of reducing inequality relative to increasing growth in poverty reduction.
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Under the assumption that � + � ( ), ( ), ln� , −1 �� = 0, OLS estimation of the parameters in (7) will be consistent. However, under the weaker assumption that
be non-zero, fixed-effect estimation will not be consistent as in the case of estimation of (5). This is because ln� , −1 � is correlated with −1 by definition, which makes it correlated with the within transformation by construction.
We therefore estimate equation (7) We write IEPR/(-GEPR) because GEPR is usually negative but we would like to focus on the relative magnitudes of the impacts of growth and inequality in poverty reduction. 9 In our estimations we also present results using only one lag as instrument. This approach was proposed by Anderson and Hsiao (1981) . 10 In the estimation of equation (7), covariates including an interaction term are treated as endogenous and are instrumented with subsequent (second and earlier) lags. The remaining covariates are treated as exogenous (i.e. (∆ ( ) ) = 0 and (∆ ( ) ) = 0)) and are used as instruments for themselves. We also estimate equation (7) assuming E(∆ −1 )=0 and using ∆ −1 as additional instruments for the level equation (Blundell and Bond 1998) . The results are qualitatively similar.
Data
We use the comprehensive data set available at PovCalNet from the World Bank as of January Table 1 .
As noted in Ravallion (2012), we are cautious about the inclusion of countries in the Eastern
Europe and Central Asia (EECA) region. These countries "started their transitions from socialist command economies to market economies with very low poverty rates, but poverty measures then rose sharply in the transition." Their experience is clearly not typical of the developing world. We take a conservative approach and present results both including and excluding countries from this region.
11 http://iresearch.worldbank.org/PovcalNet/index.htm 12 Appendix table A1 presents the distribution of observations by region and data availability. In our analysis, we include all countries with mean income, headcount rate and Gini coefficient data available. The total number of countries available is 102. Our preferred measure of welfare is consumption. Thus, if a country had headcount rates data available for both income and consumption we keep only the consumption-based measure. These countries include Mexico, Jamaica, Nicaragua, and Peru. The dataset is available from the authors upon request. 13 This line is the median poverty line found in Ravallion et al. (2009) . Table 2 presents the results from the estimation of the model of interest. The left panel presents the results for the headcount rate based on a poverty line of $1.25 a day. The middle and right panels present the results for the $2 and $4 a day poverty lines, respectively. In each panel, the first two columns present results using all the countries in our dataset, whereas the last two columns present results excluding countries from the EECA region. Finally, for each sample of countries we present results using either all available lags of the endogenous variables or one lag.
Results
As expected, the growth in income is found to have a negative effect on poverty in all specifications. This effect is statistically significant in most cases. Also as expected, higher inequality seems to have a positive and significant effect on the poverty across all specifications.
The results indicate that the relationship between GEPR and the initial level of poverty (captured by ̂1 ) depends on the poverty line used. For a headcount rate based on a $1.25/day poverty line, there is no evidence that GEPR varies with the level of poverty. That is, growth seems to have the same impact on poverty reduction in countries with high and low (extreme) poverty rates as defined by the conventional $1.25/day poverty line.
Using a $2/day poverty line, we find that there is a negative relationship between GEPR and the level of poverty only when EECA region countries are excluded from the estimation sample.
Similarly, for the $4/day poverty line, there seems to be negative relationship between GEPR and poverty rates in both samples. Therefore, for these higher poverty lines, the results indicate that the relationship between GEPR and initial poverty is consistent with the log-normality assumption. That is, other things equal, growth seems to have a larger impact on poverty reduction in the countries with lower poverty rates.
For all poverty lines and all estimation samples, the results indicate that IEPR decreases with the level of poverty (i.e.̂2 < 0). That is, a one percent reduction in the Gini index will have a larger impact on poverty reduction in countries with less poverty.
We now turn the analysis of the relative roles of inequality and income growth and how these vary at different levels of poverty. We illustrate these relationships by calculating the predicted ratio of IEPR to GEPR at different poverty rates in figures 1 and 2. Figure 1 presents the estimated IEPR, GEPR 14 and associated ratio based on the results obtained using the full sample of countries available and one lag as the instrument set. Figure 2 presents the corresponding results when countries from the EECA region are excluded from the regressions. These are our preferred estimates due the potential problems with the data from the EECA region countries.
As shown in figure 2 , for all three poverty lines, the ratio of IEPR to GEPR increases as the level of initial poverty decreases. Note also that the estimated IEPR and the ratio are negative for poverty rates above 80 percent. Also, for poverty rates below 50 percent the ratio is above 1 indicating that IEPR is larger than the estimated GEPR. The elasticity of inequality increases at a faster rate when poverty rates are based on the $1.25/day and $2/day poverty line than for the $4/day line. That is, the ratio appears flatter across different poverty levels for the $4 poverty line.
Elasticities based on a bootstrap
To check if our results are driven by specific countries or time spells, we re-estimate our models using bootstrapped samples. We do not rely on an arbitrary choice of time periods for the sample used in the estimations. Instead we randomly draw 300 three-year-per-country bootstrap samples and re-estimate equation (7). Table 3 presents the results from these estimations via OLS. As in our previous estimates, we provide results for the three poverty lines of interest ($1.25, $2, and $4). Finally, we also present results where we include the full sample of countries available and results not including countries from the EECA region.
We find extremely similar patterns across all estimations methods and the results are in line with our previous findings using all available data. Both GEPR (in absolute terms) and IEPR seem to increase with lower levels of poverty.
Are these findings in line with previous studies?
Our results on the IEPR/GEPR ratio suggest that as countries succeed in reducing poverty, further poverty reduction will likely need to rely less and less on growth and more on inequality
reduction. But what have previous studies suggested in terms of the relationship between the IEPR/GEPR ratio and poverty?
14 For a simple interpretation we present the negative of the growth elasticity of poverty reduction.
13 Figure 3 depicts the simulated inequality and income elasticities of poverty reduction if we would use the data from . The patterns found are similar to the ones found in our analysis. There are two main differences, however. First, the estimated values of the elasticities seem to increase at a faster pace as poverty rates change. The estimated value of GEPR goes from approximately 1 to close to 4 when poverty rates are close to 50 and zero, respectively. Increases in the IEPR are more prominent.
To complement our results, we rerun Bourguignon (2003) specification using our data.
Specifications are run via Ordinary Least Squares and Fixed Effects for $1.25 and $2 a day poverty lines. The results are presented in the appendix (tables A2-A5). We find similar results across all specifications. Income (Gini) growth has a negative (positive) effect on poverty growth. We also find that both IEPR and (absolute) GEPR are decreasing with poverty, albeit the slopes of the estimated elasticities are more modest. A second difference is that under log normality the IEPR is defined to be negative for all poverty rates above 50 percent. In our results we find that this is not the case for a non-negligible range of poverty rates: 50 -80 percent.
While we recognize that our estimations are not intended to be a formal test of the log normality assumption, it is worth pointing out that such an assumption may be too restrictive in the analysis of elasticities of poverty.
Conclusions
Growth has been the main driver of poverty reduction in the past three decades. Will growth continue to deliver poverty reduction in the future as it has in the past? Our results indicate that the impact of growth in reducing poverty will continue to be important and likely to increase.
However, relative to the role of inequality reduction, that of growth may be diminished in the future. Our results indicate that as poverty declines, the inequality elasticity of poverty reduction increases faster than the growth elasticity. That is, the IEPR/GEPR ratio increases with lower levels of poverty.
14 As poverty has been declining on a sustained basis for many more countries, one can expect that to further accelerate poverty reduction, increased emphasis should be given to inequalityreducing policies versus growth-promoting policies.
This is not to say that direct income re-distribution should have an increasing role, as, depending on their magnitude, and specific characteristics such policies may even be harmful for growth and eventually for sustained poverty reduction. Nevertheless, few would disagree that policies that are consistent with less inequality through equalizing opportunities and promoting social inclusion should be emphasized and will be key in significantly accelerating poverty reduction. 
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Figure 3. Predicted elasticities using Bourguignon (2003) results
Notes: IEPR stands for Inequality Elasticity of Poverty Rate, GEPR refers to the Income Elasticity of Poverty Rate. A $1.25 /day poverty rate is depicted in the horizontal axis. The simulations assume a Gini index equal to the median in the estimations' sample (42.62). Source: Authors' calculations using PovCalNet data. Each column presents the mean and standard deviation (in parenthesis) of coefficients obtained from 300 OLS regressions using 3-year per country draws of available data. Each regression also contained a constant. Column headers describe the poverty line used to calculate the poverty rate and the sample of countries used. 
